I. Introduction: 


The HP Nano Processor (NP) is a single chip, N-channel KOS, 8 bit 
parallel, control oriented central processing unit designed by the Loveland 
Instrument Division for internal control and interfacing of instruments. 

The NP coupled with a program ROM forms the minimum nano processor 
control computer. The NP can directly address up to 2048 8 bit bytes of 
program memory and v/ith simple block switching techniques up to 512K of 


8 bit bytes. 

All instructions and data are transferred in and out of the NP with 
the bidirectional 8 bit parallel data bus (00 through D7). 

The NP allov/s data transfers with up to 15 input and 15 output ports 
addressed by a 4 bit device selec w* CCu c and an I/O read/write control line. 

The normal program may be interrupted by use of the interrupt request 
control line. This interrupt is a fully vectored interrupt with 256 
possible vectors. 

The NP can control external circuits and check their status through 
the use of the 7 direct control lines (DCO through DC7). 

All inputs and outputs are TTL compatabile. Each output will sink 
one standard power TTL load. Each input has an internal pull-up device. 

The NP instruction set numbers 42 including data transfers, bit 
manipulation, magnitude comparisons, jump, and jump to subroutine. 



HARDWARE STRUCTURE 


The NP contains: 

A. One 8 Bit Accumulator (ACC) 

B. One Control Logic Unit (CLU) 

C. One 1 Bit Extend Register (E) 

D. Sixteen 8 Bit Storage Registers (R0 - R17 ) 

E. One 8 Bit Magnitude Comparator (CMP) 

F. Seven Bidirection Direct Control I/O Lines (DC0-6) • 

6. One 11 Bit Program Counter (PC) 

H. One 11 Bit Subroutine Stack Register (SSR) 

I. One 11 Bit Interrupt Stack Register (ISR) 

Accumulator 

The 8 bit accumulator may be loaded from or output to the 8 bit 
data bus. * - 

Control Logic Unit 

. .The CLU is the heart of the NP. It provides the following functions: 

1. Test» set or clear any bit of the accumulator or the extend 
register. 

2. Set or clear any of the command flip flops. 

3. Test any of the flag inputs. . ' 

4 . Clear the accumulator. 

5. Increment or decrement the accumulator in binary. 

6. Increment or decrement the accumulator in decimal. 

« 

(Note: Two BCD coded digits are assumed and the output is 
• two BCD coded digits and overflow.) 

7 . Complement accumulator (I's complement) 



rxtpnd Register 

The 1 bit extend register Is used to indicate overflow.from or underfl 

_^to-the acculuTatof, or it may be_..used as an internal flag. 

Storage Registers 

The sixteen 8 bit storage registers are for general data use. 

They may be recalled to the accumulator. They may be loaded from 
the accumulator or directly from the program ROM. R0 may be used 
for comparisons and__j\Q.dexixig. 

Magnitude Comparato r 

fh^magnitude comparator compares"the 8 bits of the accumulator to 
the_8 bits'of the R0 for greater than, less than or equal to. 

Direct Control I/O Lines~ :~Zir ZZIZZ- 

The direct-eontroT I/O lines are 7 (DC0-6) lines that may be used for 
output with set and-dear functions on their controlling flip flops. 

' The status of the output may be directly tested as inputs for feedback 
f lags . _ • • 

Program Counter '' 

The IT bit program counter provides direct addressing of the control 
program up to 2048 bytes. 

Subroutine Stack Register _ .' * 

The 11 bit subroutine stack register provides for a single leve l of 
subroutining within the control program. 

Interrupt Stack Register 

The 11 bit interrupt stack register provides for a jingle level o f 
interruption. 
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PROCESSOR TIMING 


The NP Is designed with a quasi static structure. The-clock may be 
stopped in the low state with no loss of data. 

The maximum clock rate is 5 mz. With this clock rate all instructions 
are executed in two clock periods or 400 ns. 

To obtain a 400 ns cycle time the program ROM must have <70 ns access 
from address to output and <40 ns access from output enable to output. 

(A list of possible ROMS to be used v/ith the NP is listed in Appendix A.) 



INTRODUCTION TO THE NANOPROCESSOR INSTRUCTION SET 

REGISTER ADDRESSING 

The sixteen internal 8 bit registers may be directly addressed 
with LOAD (LDA), STORE (STA) and STORE ROM DATA (STR) instructions or 
indexed address may be used with LOAD INDEXED (LDI) and STORE INDEXED 
(STI). 

The effective indexed address is the "or" function of the bottom 
I-ij) 4 bits of the instruction with the bottom 4 bits of R0{R00-R03). 
Example: 

10-13 1001 

R00-R03 0101 

Effective Register HX)1 

Address 

Note: This is an or function instead of an add, therefore 
no carry takes place. 



PROGRAfl ADDRESSING 


For ease of discussion the program address (11 bits) will be looked 
at as a three bit page number (PA 10-PA 8) and an 8 bit page offset 
(PA 7 - PA 0) 

In all instruction except jump and skip instructions, the program 
address is incremented. It is incremented once on one byte instructions 
and tv/ice in two byte instructions. 

In a JUMP (OHP) or JUMP TO SUBROUTINE (JSB) instruction the page 
number from the first byte and the page offset from the second byte of 
the instruction are loaded into the program counter during the execute 
phase. 

■ In the JUMP INDIRECT.INDEXED (JAI) and the JUMP INDIRECT INDEXED 
TO SUBROUTINE (JAS) instructions the page number is formed the same as 
an indexed register address (but only the bottom 3 bits are used) and 
the page offset is taken from the accumulator 

CAUTIONS : 

These two instructions allow great addressing power but they also 
have great dangers. 

. 1. Due to the indexing structure a JAI instruction executed with 
R03 set will be executed as a J^ instruction. 

2. Due to the subroutine return address storage system the address 
after a JAS instruction will not be executed upon return from the sub¬ 
routine. 



« 

All branching in the NP Is done with the skip instructions. The skip 
Instruction causes two bytes of program to be skipped if the condition 
being tested is true. 

Example: 

Program . Instruction 

Address 


After the skip instruction N 


SBS 3 Skip if accumulator 


bit 3 is set 


This instruction is executed -*• 
if Bit 3 is zero 
This instruction is executed -► 
if Bit 3 is Set 



Wump instructions _ 


CBN 3 Clear accumulator 
bit 3 



THE imo PROCESSOR INSTRUCTION SET 


The NP instruction set is divided into groups: 

1. Accumulator group 

2. .Register transfer group 

3. Input/output group 

4. Comparator group 

5. Program control group 


IKSTRUCTION LISTING FORI-iAT 


SBS N 

Instruction Operand(s) 
Mnemonic 


~gi0|l|l[l!N|Ol 

Operation Operand 
Code Code 


Description 

of 

Instruction 




ACCUMULATOR GROUP 


SBS U 


0 0 0 1 0 

N 


Skip on accumulator bit #N Set (1) 

* 


SBZ N 


0 0 110 

N 


Skip on accumulator bit zero (0) 



SBH N 

. 

0 0 10 0 

N 

• 

Set accumulator bit #N 



CBN N 

Clear accumulator bit #N 

1 oil 0 0 

N 

INB 

* - - ' 

00000000 


Increment accumulator as an 8 bit binary number 
The extend register Is set If overflow occurs 


IHD 0 0 0 0 0 0 0 1 

Increment accumulator as two BCD code decimal 
numbers ( ) ( ) 

• Carry between digits Is automatically handled. 

The extend register Is set If overflow occurs. 

DEB 0 0 0 0 0 0 1 0 

% 

Decrement accumulator as an 8 bit binary number 
The extend register Is set If underflow occurs. 

DED 0 0 0 0 0 0 1 1 

Decrement accumulator as two BCD coded decimal digits. 

Borrow between digits Is automatically handled. 

The extend register Is set If underflow occurs. 



CLA 


00000100 


CHA 


LSA 


RSA 


SES 

SEZ 

LOR 


Clear accumulator 

Does not affect the extend register 

00000101 

Complement accumulator 

The accumulator is treated as an 8 bit binary 
number and one's complement Is performed. 


Left shift accumulator 
Tbit shift with zero (0) fill 
Does not affect extend register 

Right shift accumulator 
1 bit shift with zero (0) fill 
Does not affect extend register 

Skip on extend register set (1) * 


00000110 

00000111 

00011111 

00111111 


Skip on extend register Zero (0) 

ROM Data ' ' 1 1 OO 1 1 1 1 

Load accumulator v/ith ROM data 
(ROM data is the second byte of this 
Instruction). 


- 6 - 



REGISTER TRANSFER GROUP 


LDA R 

Load accumulator with data from register #2 

STA R 

Store accumulator at register i?R. 


LDI Z 


STI 2 


Load accumulator with data from register 

addressed by (Z)v(R0) (See description of 

indexing 

Store accumulator at register addressed by 
(z) V (R0) 


STR R, ROM Data 


Store ROM data at Register ,fR 

ROM data Is the second byte of this 

Instruction 


0 1J 0 

0 111 

1110 

1111 

110 1 

ROM Data 



COMPARATOR GROUP 


All comparisons are made based on R0 and the accumulator containing 8 bit 

unsigned binary numbers 

SLT 0 0 0 0 1 0 0 1 

Skip on accumulator less than R0. 

SEQ 0 0 0 0 1 0 1 0 

Skip on accumulator equal to R0. 

SAZ 0 0 0 0 1 0 1 1 

Skip on accumulator equal to zero (0). . 

SLE ' 0 0 0 0 1 1 0 0 

Skip on accumulator less than or equal to R0. 

SGE * . 0 0 0 0 1 1 0 1 

• Skip on accumulator greater than or equal to R0. 

SHE 0 0 0 0 1 1 1 0 

Skip on accumulator not equal to R0. ’ 

SAN 0 0 0 0 1 1 1 1 

Skip on accumulator not equal to zero (0). 

0 0 o 0 \ 0 0 O 


> to 




INPUT/OUTPUT GROUP 


IKA DS 0 10 0 

Input data from device #DS to accumulator 

OTA DS 0 10 1 

'Output accumulator data to device #DS 

OTR DS, ROM DATA 110 0 

Output ROM data to device #DS 
ROM data is the second byte of this instruction. 

STC K 0 0 10 1 

Set direct control 
Bit #K . 

CLC K 10 1 0 1 

Clear direct control 
-Bit #K 

SFS J 0 0 0 1 1 

Skip on direct control 
Flag #J Set (1) 

SFZ 0 0 0 111 


Skip on direct control flag- #J zero (0) 



RTI 


1 Of) 1 0 0 0 0 


Return from Interrupt 

An unconditional jump to the location stored 
in the interrupt stack register is performed. 

The interrupt control bit is not affected 
RTE . 1 0 1 1 0 0 0 1 

Return from interrupt and enable interrupt 
Same as RTI instruction except that the 
interrupt control bit is set allowing future 
interrupt. 

NOP b 1 0 1 1 1 1 1 

NO Operation 

JAI 10 0 10 

;3ump indirect (through accumulator) indexed. 

. . . The page number is the indexed value (Z)V(R0) 

The page offset is the accumulator 
An uncondition jump to the address formed from 
the page number and page offset. 

ff 

OAS 10 0 11 

Jump indirect (through accumulator) indexed to 
subroutine. 

Same as JAI with the addition that the location of the JAS 
Instruction Plus 2 is stored in the subroutine stack register. 



PROGRAf-1 CONTROL GROUP 


Page Number 

JMP ADDRESS . 1 0 0 0 0 

■ - • Page^Offset 

. The address Is broken Into two section page 

number and page offset. 

The first byte contains operation code and 

page number. 

The second byte contains the page offset. 

An unconditional jump to the address is performed. 

Page Number 

OSB ADDRESS 1 0 0 0 1 

Page Offset 

(See jump for address format) 

An unconditional jump to the address is performed and 
the address of the next ROM location after the page 
offset is stored In the subroutine stack register. 

' Note: Since the subroutine stack register is a single 

level deep, subroutines cannot be nested. 

10 1110 0 0 

.Return from subroutine ' 

An unconditional jump to the location stored in 
the subroutine stack register is performed. 

The location of the RTS instruction Plus 2 is 
stored in the subroutine stack register, thus 
co-routine linkages may be performed. 



INTERFACING THE NANOPROGESSOR 

The interface of the NP is divided into five section: 

1. Program Access 

2. I/O Port 

3. Direct Control Lines 
'4. Interrupt System 

5. Power Supplies and Clock 



PROGRAM ACCESS 


The NP accesses its program through the use of the 11 program address lines 
(PA0-10) and the program and gate line. 

When the program gate is high the program source should supply the program 
data referenced by the program address onto the data bus. 

I/O PORTS 

The NP can address up to 15 input and 15 output data ports through the use 
of its device select and I/O Read/Write lines. 

The external devices may be numbered 0 through 16 in octal with 17 octal 
reserved for a "No I/O" indication. 

DIRECT CONTROL LINES 

The seven bidirectional direct control lines may be used in one of four 
modes for each line. 

1. As a DC static output line with set/clear program control. 

’ i . , 

. 2. As an input flag (internal flip flop must be set - this is the 
turn-on condition) with direct testing by the program. 

3. As a bidirectional control line. 

Example: 

The NP puts DC Line 2 low to signal an external device 
to start and the external device holds the line low until 
finished thus the NP (after setting DC lines again) can 
determine the end of the external devices cycle. 

4. As an internal program flag with set/clear and direct testing 
by the program 






S^otAJfJ BoR C.COCH 


A}/?/rJ CioaK 

JTa/pl/t 



TxecortJPH/iS e 


l^RoGRflM 

/?J>ORBS.S 

VRltD 

(pa 0-1^ 


7^£o<;js/?^M 

Gatb 






-A h" 







P/eo*e/i/M S/ 9 r£ 
Po^ 'T'tfju 
XA/arfitfcrfoAf 



PRO^P.fl/A 

/9ccPss P/^OM ^PCP.PSS 
A/5 --_•> [~ 

MtA//MUP1 PPo^^/)/y\ 
^C-CBSS PhZoni P/^OiP/}P'> 

G^tb "^Sajs. — 


30 a/S tAtif 

I 


^pjeoffi/tf** &Are 
PO^ OA/E BvrE 
2 r^STpvc.rtetJ 


- TAJSTiS.\JCT>0*J Po/KfT 
"PiZocPfifA. V/tr/i rAvsr 
"Qe Ofj 7>pr/) ffi/s 
^Y' r>y/5 pot^-r ✓v 
7 /A»jr, 


ISoujBR 





X/o XoftT 


S/V'OVUA/ po^ ^M/^'3 CiLooK 


Ai^jN C/ocp 
JCvfc'7' 


7>£{/ICE- Sjs^i-S-cT 

/?/»/2? "^/UJ Ourf^yt^ 


2^r/}—iTAJpuir 


OuTP(/r 

(^/uJ ZZ/c/^) 



% 

T 



. 

( 

1 




f 




-1 

• 

U Patch pH/iSP J 

Bt i^c ifrP 

PhAsP f 

r 

: 1 

i 

H 


PsTcH 
^ffi> At-t. M>fj r/o 
XAfsrfvcTfc/j c SS 
Af^b ItAfpS •■ 


'7>A}'rfi MUSr B£ Q6J 
J^VS T///^ 7=t>JPT 

ff\f nr/iP 



I 


'buttuc- ^jrrcvrr 

of ' rt VC Tt 

Z/f/BS' fJSSvm fc 
7^e^iP/7/'‘cO Vni.^ 


Oc/rfiur TZ^r/f 

ON ISus, By ms 
y^tJT tN P/mP PNP 
Zffoui-b "BB sropfP 
' ON C^ae-K • 


SOi<f^ /W/A/, 


I ' 

I u 

f 

r 

I 


I * 

I ctocK e^se 


h 




j/M/A/ 

f-^i - 

CvT-Por pfiTA AJO 
Zoa/4£B. SZauP. 


'Boivpfz. 



Sysr»>gA?; 77^/a/^\ ; 

SA'oUfAf /^<S^ S'AtffS C^e€Af 


Clock 


r r » 

t 

j i < 1 ■ ;' . - , 

1 : /. •, ■ i 

• I ' ■ ' ’ 

i 1 j. BnEwre TW/9SB 

{, 1 ■■ . -1 

^1 ^ JT/vrePpvjr- 7^&ir 

/^rc^ Pm/ fie t 


, j<- - 

•■ i ‘ '■ 


"1 ' or EtPS.r X^JtrPQtrn^ 

OF T'fjTEfi^uPr ServicS 

^eo</CS7“ 1 

: .;::3 . „, 

f i' ■• ) • 

"t f . 

; < ) t ' 

i 

■H . 

X^JPuT" 

; , ■} 

" - ,t ■■ - . 

; JTAfr ^CO Srts«^0 
' ! xl/Ir Tvus "PotK^r 

«' t 

rj < f 

^! ■ • r »■ 1 ( f 

M ■ < • ; ■ « . 

iM ! ? ; 

rt » ? , . f • P' 

■ t f'> I . ' :: 

<V' ' i 1 T" (?■•!' 

! ' 

, i ' ' f > 1 

< ♦ ' ' 

1 ' - P ■ 

rzep a»i 

;! 72S 

;1 SV TV/^ Pcv. 

\ 

To PfKByfEfJT 

Tfjre p.ttQ'Pr 
/i<zFtJowteo&e I 

'! '■■ •■ !M ■ .. 

V f!' ■ ‘ . ■;: 

■ « ' Ih _.:_LJ_^_ 

d 1- ■ il 

\ • 'i 

\ s S Xx/T“ ; 


Ootp-vt 


V y. 

f *4 

, * 

V. 

:■? 

? 

f 1 

t { 

.f 

r ,.’ 

• ! 

w; 


• O 


. r... 

<♦ 

t i ■ 


\ ' ■■ :.-i 

, 1 ■ <; ■' ■ ■ " ■ . . ■ * > 


7k>fj^ 


1 ?■ 


{)) 

/n^x 

t} 
iO 


<r> 

!i 

• I 

i,:, 
t j 


jh 
;: I 

i‘* 

r ’■ 


i 

1 ^ 




/Jecrss 77/y& /bO/\/5 





^^A^rF/f/Pc/pT* ;] 
OuTPu T~ f 


^AyTEC<iuPT ^£"£./>0/-/s£* 


Jt> 


.ri 

<■« 


■■MM^ 


(’» 
♦ t 


< > 

J’M 


ft 



1 

d' 


:;ve<^rof^./*^\/iT Be. pf^ 
' T>/9ry} Bvc\ I3Y TLtlZ 
it 7='OW7“ 1 /A/t 


r'/pi B ! 

*1 
t: 


i ' V'* ■ '•' ’5 

j f . pt ' ... 1 . n\ 

: 'i 

- .* 1 

n / 

y 0 >-T^iS i^iNK /M/^y oc ro 

^ cjArieM orP z^T RJSTQ 

1 

<1 f 

_ w 


- t; ^ r • f, 

rr^ rri 



3/3'a/s /V/a/I 




'7/3‘kS /«/■>• a 

(^o«oe Kou. //JZTOcrtorj 

OVFP /H//*/, 








INTERRUPT SYSTEM 


■ The NP's interrupt system is controlled by three lines: Interrupt Request, 
Interrupt Acknowledge, and Interrupt Enable. 

During the execute phase of every instruction (excep an interupt disable - 
clear control #7) the status of the interrupt request line is input, if that line 
is low an interrupt phase will follow regardless of the state of the interrupt 
enable. The interrupt phase is indicated by the interrupt acknowledge line going 
high. Daisy chaining of the interrupt acknowledge line can be used for interrupt 
priority. 

During the interupt phase the interrupt enable is automatically turned 
off, the vector address is input and the return address is stored in the interrupt 
stack register. . . 


,Tfie interrupt reque-st lino input is -aIv/ays u-ctiv'O’. The interrupt enatTe 
output max ^sed externally to gate this input if interrupt enable/disable 
capability is required. 

POWER SUPPLY AND CLOCK 


Three power supplies are required by the NP, + 12 volts and +5 Volts for 
the main logic and -2 to -5 volts for backgate bias. 

The clock input is (as all inputs are) TTL compatible. It should be noted 
that to provide a fast clock edge the internal clock this line is pulled up 
with a current of approximately 3 ma. 



lirrROOOCTION to the kanoprocessor instruction set 


irtlSTER ADDRESSING 


the fIxUeii Internal 8 bit registers wy be directly addressed 
Irtth lOAO (LOA), STORE <STA) and STORE ROM DATA (STR) instructions or 
Indexed address may be used with LOAO INDEXED (lOI) and STORE INDEXED 
(5TI). 

The effective Indexed address 1 $ the "or" function of the bottom 
I-I 3 ) 4 bits of the Instruction with the bottom .4 bits of R0(R0D>RD3). 
CxampTe: 


Effective Register 




Address 

Koto: This Is an or function Instead of an add, therefore 
M carry takes place. 

PROGRAM ADDRESSING 

for case of discussion the program address (11 bits) will be looked 
ft as e three bit page number (PA 10-PA 8 } and an 8 bit page offset 
(FA 7 •PAD) 

111 all Instruction except jump and skip Instructions, the program 
address Is Incremented. It 1$ Incremented once on one byte Instructions 
and twice In two byte Instructions. 

In a JUMP (JMP) or JUMP TO SUSROUTINE (JSB) Instruction the page 
•umber from the first byte and the page offset from the second byte of 
tite Instruction are loaded Into the program counter dui‘1ng the execute 
phase. 

the TJfiT V.TI9ICr imEXFO QAI} ana tne INuInlCT IliSEXIO 
TO SUBROUTINE (JAS) instr*jrt1ons the page number Is formed the same as 
an Indexed register address (but only the bottom 3 bits are used) and 
the page offset is taken fron the accumulator 

CAUTIOfiS! 

These two instructions allow great addressing power but they also 
have great dangers. 

1, Due to the Indexing structure a JAI Instruction executed with 
Rp3 set will be executed as a JAS instruction. 

2. Due to the subroutine return address storage system the address 
after a JAS Instruction will not be executed upon return from the sub* 
routine. 

All branching In the NP 1$ done with the skip Instructions. The skip 
Instruction causes ^ bytes of program to be skipped If the condition 

iilllt tested li troo. . 



.•-■jfxaaple: 

After the skip Instruction 

This Instruction Is executed 
If lit 3 Is zero 
This Instruction Is executed 
If lit 3 Is Set 


Program . Instruction 

Address 


SBS 3 Skip If accumulati 
bit 3 Is set 


"♦A ■Wl’niT {Jump Instructl.. 

I —(require two byti 




CBH 3 Clear accumulator 

bit 3 


IRSTRUaiON LISHNG FORMAT 


S8S R 

Instruction Operand(s) 
Knamonlc 


Operation Operand 
Code Code 












Input d«U frm device IDS to eccuciuUtor 


Output accumuletor data to device IDS 


m os. ROM DATA 


Output ROM daU to device IDS 

ROH daU Is the second bytt of this Instruction. 

00 

Set direct control 


Clear direct control 


Skip on direct control 
Flag Set (1) 

Skip on direct control flag tO zero (0) 


10010000 


Return froai Interrupt 

An unconditional Junp to the location stored 
In the Interrupt stack register Is performed. 
The Interrupt control bit Is not affected 


10110001 


Return from Interrupt and enable Interrupt 
Sane as RTl Instruction except that the 
Interrupt control bit Is m allowing future 
Interrupt. _ 

( 

KO Operation 


01011111 


Jump Indirect (through accumulator) Indexed. 

The page number Is the Indexed value (Z)V((U}) 

The page offset Is the accumulator 
An uncondition Jump to the address formed from 
the page number and page offset. 

10 0 11 

Jump Indirect through accianulator) Indexed to 
subroutine. 

Sane as JAI with the addition that the location of the JAS 
Instruction Flus 2 Is stored In the subroutine stack register 


Skip on accumulator bit #N Set (1) 


Skip on accumulator bit IN zero (0) 


Set accumulator bit IN 


Clear accumulator bit IN 


0 0 0 1 0 N 


001 1 0 N 5TAR 


0 0 1 0 0 N * 


10100 N 


00000000 

Increment accumulator as an 8 bit binary number 
The extend register Is set If overflow occurs 


load accumulator with data from register 12 


Store accumulator at register IR. 


Load accumulator with data from register 

addressed by (Z)v(R0) (See description of 
Indexing 


Store accumulator at register addressed by 
(z) V (R0) 


00000001 


STR R. ROH Data 


Increment accumulator as two BCD code decimal 
numbers ( } ( } 

Carry between digits 1$ autocnatlcally handled. 
The extend register Is set If overflow occurs. 


00000010 


Decrement accumulator as an 8 bit binary number 
The extend register Is set if underflow occurs. 


00000011 


Decrement accumulator as t»/o BCD coded decimal digits. 
Borrow between digits Is automatically handled. 

The extend register Is set |f underflow occurs. 


Store ROH data at Register IR 
ROH data Is the second byte of this 


COMPARATOR GROUP 


Skip on accumulator less than R8. 


Skip on accumulator equal to R0. 


Skip on accumulator equal to zero (0). 


1101 
ROH DaU 


00001001 


00001010 


00001011 


00001100 


Skip on accumulator less than or equal to R0. 


00000100 


00001101 


Clear accumulator 

Does not affect the extend register 


Skip on accumulator greater than or equal to R0. 


00000101 


Complement accumulator 

The accumulator Is treated as an 8 bit binary 
number and one's complemeit Is performed. 


Skip on accumulator jiSX 


Skip on accumulator net equal to zero (0). 


PROGRAM CONTROL GROUP 


Left shift accumulator 
1 bit shift with zero (0) fill 
Does not affect extend register 
1 • 

Right shift accumulator 
1 bit shift with zero (0) f^ll 
Does not affect extend register 

Skip on extend register set (1) ’ 

Skip on extend register laro (0) 

ROM DaU 

Load accumulator with ROH data 
(ROH dau Is the second byte of this 
instruction). 


00000110 


00000111 


00011111 


00111111 


1 1 0 1 1 1 1 1 


JNP ADDRESS 


00001110 


0*0 0 0 1 1 1 1 ^ 


. Page Kuadier 

1 0 0 0 0 

Page Offset j 


The address Is broken Intp two section page 
ninber and page offset. 

The first byte contains operation code and 
page number. 

The second byte contains the page offset. 

An unconditional jump to the address Is performed, 

JS8 ADDRESS 1 0 0 0 1 ^*®* 

Page Offset 

(See jump for address format) 

An unconditional jump to the address Is performed and 
the address of the next ROM location after the page 
offset Is stored In the subroutine stack register. 

Note: Since the subroutine stack register Is a single 
level deep, subroutines cannot be nested. 

RTS 

10111000 

Return from subroutine 

An unconditional jump to the location stored In . 
the subroutine stack register Is performed. 

1 The location of the RTS Instruction Plus I Is 




